Marked sensitivity of the peripheral chemoreceptors to CO2 was demonstrated in unanesthetized man and in both anesthetized and unanesthetized dogs. In the latter a 20-30 % transient increase in ventilation followed two breaths of 6 % CO2 in 35 % 02, only a 6 % delayed increase occurring after chemodenervation (4).
Intrigued
by Dejours' method, we decided to modify it so as to permit determination of the effect on ventilation of a transient infusion of blood of known POZ, PCOZ, and pH into the common carotid arteries and thence to the carotid bodies, blood flow from below being temporarily cut off. blood pressure were determined by measuring femoral artery pressure.
METHODS

Dogs
Two types of infusion were used alternately, the control infusion in which blood from a femoral artery was drawn directly into the syringes, and the experimental infusion in which the blood was specially modified before being placed in the syringes. An infusion was carried out as follows: After respiration had been recorded for a control period of 40 set the stopcocks were turned, stopping flow from below, and blood from the syringes was pushed into the carotid arteries in a rostra1 direction. In order to minimize the influence of the pressoreceptors on respiration a pulsatile force was manually applied to both syringe plungers by two operators so as to provide pressures approximating the systolic and diastolic pressures existing in the carotid arteries prior to infusion. The pulsations in pressure, which were monitored on the polygraph as shown in Figs. I and 2, were made to occur at essentially the same rate as the heartbeat.
In PCOZ, PO*, and pH of the infused blood (referred to henceforth as Pinfco,, Pinfo,, and pHinf) were measured immediately after infusion, a sample having been removed from the water-jacketed syringes at this time.
The time required for 50 ml of blood to be infused into each common carotid artery by this technique varied from 15 to 60 set in different animals, owing to variability in the hemodynamic resistance of the vascular beds fed by the common carotid artery. As an experiment progressed, the time required for the infusion of a given volume of blood increased. This was because the infusion pressure was deliberately kept as close as possible to the pressure in the carotid arteries, which fell as the animal's condition gradually deteriorated. With decreased infusion pressure the flow decreased, and was presumably reduced still further by reflex vasoconstriction of the vascular bed supplied by the carotids.
Chemodenervation of the caroti,d chemoreceptors was carried out in some animals by exposing the carotid bifurcations and cutting all the nerves originating from them. Completeness of the procedure was tested by injecting 2 ml of a solution of 0.003 M sodium cyanide into the common carotid arteries while recording airflow and tidal volume.
RESULTS
Data Indicating That the Transient Infusion Technique Measures Carotid Body Responses Alone
The animals with denervated carotid bodies were used in order to determine whether a portion of the blood infused into the common carotid arteries passed via the circle of Willis or other collateral channels to the medullary chemoreceptors, causing them to participate in the ventilatory response to infusion. Infusion of severely hypercapnic, normoxic blood (Pinfoo, = 250-300 mm Hg, Pinfo, g IOO mm Hg) produced a huge increase in ventilation in the intact animal ( Fig. 3 ) but none in the denervated animal with internal carotid arteries intact and open. Sometimes the infusion of severely hypercapnic blood caused a slight ventilatory depression in the denervated animal which appeared [15] [16] [17] [18] [19] [20] set after the onset of the infusion.
With moderately hypercapnic blood (Pinfco2 = 60-90 mm Hg) the intact animal exhibited a marked ventilatory response, but there was neither an increase nor a decrease in ventilation in the chemodenervated preparation.
The infusion of hypocapnic, hyperoxic blood (Pinfoo, > 500 mm Hg, Pinfco, < IO mm Hg) which depressed respiration in the intact animal (Figs. 2, 4) had no effect in the chemodenervated animal (Fig. 4) . The responses to cyanide were abolished by chemodenervation as one would expect (Figs. 3, 4) . A major portion of the delay was undoubtedly caused by the time required for the infused blood or cyanide to pass from the stopcocks to the carotid bodies. Cropp and Comroe (6) found a delay of approximately 0.5 set in the ventilatory response to hypercapnic blood when the latter was introduced via a small catheter into the region of the carotid bifurcation.
Once started, the ventilatory response to hypercapnic blood increased rapidly, as shown for the group in Fig. 6 . The scatter of the points prevented fitting a curve to these data. However, that breath representing the maximal response began on an average within 8 set (mean 7.3; range 2.8-10.1) after the beginning of infusion, and in 16 of I 8 infusions was the second or third breath following the breath during which the infusion was begun. In one infusion it was the fourth, and in the other, the fifth. In some of the experiments, as shown in Fig. 5 , the tidal volume decreased even while the perfusion of hypercapnic blood continued. Minimal e$ective CO2 stimulus (Fig. 7) . The Pco2 of the infused blood (Pinf,o,) was varied relative to arterial (Pa& until the value of the smallest increment (Pinfeo, -pace,, referred to as "APcoz") capable of stimulating ventilation was determined. The PO:! of the infused blood was kept close to that of arterial blood with the animal breathing air (Pinfo, g Pao, 14i IOO mm Hg). %TE was increased significantly (24%, P < 0.001) when APco2 averaged 2.3 mm Hg (range 1-4). (In this experiment, the pH of the infused blood fell more during equilibration with the CO2 mixture than the usual ratio of approximately 0.01 pH U/I mm Hg increase in Pcoz (see DISCUSSION) .)
I$z versus A&o, (Fig. 8) . Breathing air. The infusion transiently decreased breathby-breath VE by an average of 24 % for the entire group. The data were placed in three subgroups (Fig. g, B1 , &, B3) on the basis of the PacOZ which existed just prior to infusion, in order to determine whether the chemoreceptor drive was related to this factor. However, no statistical difference in the values of VE for a given time interval was found between the three groups except in the 15-to 2o-set interval in Ba, in which the infusion lasted only 15 sec. The control infusions represented in & caused an increase in ventilation, which was unusual. A slight depression of ventilation, possibly from pressoreceptor influence, as seen in A, Bi, &, and C (Fig. g) , occurred in the majority of instances. During hytoxia (Fig. gC) inferior cerebellar arteries. Kramer found that alcohol or ether injected into the carotid arteries had no effect on respiration, but caused it to cease temporarily when the injection was made into the vertebral arteries. Finally, by means of a hemodynamic model-made of glass and rubber tubes, he showed that there is a "dead point"
in both posterior communicating arteries of the circle of Willis where the opposing streams from the carotid and vertebral arteries (through the basilar) meet, but since the pressure in the two systems is equal here, the streams do not mix, and there is no flow in either direction.
Essentially all of Kramer's findings have been confirmed by intracranial angiography in man (2 I, 24) and by injection of dyes or other agents in experimental animals (2 T), and modern writers on the cerebral circulation concur on these essential points (I g, 20, 3 I, 32, 34) .
The possibility still exists that in dogs a collateral circulation known to be located between the occipital and vertebral arteries (I, IO) could carry part of the blood infused into the common carotid arteries to the vertebrals and thence to the medulla. Here again hemodynamic factors appear to make this unlikely. Hypercapnic blood did not stimulate ventilation when infused at arterial pressure into the common carotid arteries in the four of our experiments in which all blood vessels of any significant size remained intact after chemodenervation. Presumably there is a "dead point" in this collateral system too, located somewhere between the occipital and vertebral arteries. Even if the hypercapnic blood had reached the medulla, but in diluted form, it should have had some stimulating effect on ventilation, but it did not, just as the alcohol or ether injected into the carotid arteries in Kramer's experiments on dogs had no depressant effect. The possibility that in the above experiments some of the hypercapnic blood which was infused reached the medullary chemoreceptors but remained for too short a period to excite them seems unlikely. That they may re- spond, though less rapidly or markedly than the carotid chemoreceptors, to very brief increases in the Pcoz of the blood reaching the medulla, was shown by the experiments of Bouverot, Flandrois, and Grandpierre (4), who found a 6 % increase in ventilation in chemodenervated dogs given only two breaths of 6 % COZ. However a further statistical analysis of these data indicates that the 6 % increase in ventilation is not statistically significant.
Thus, transient perfusion of the carotid chemoreceptors by the technique described appears to provide a measure of the ventilatory responses of the carotid chemoreceptors alone, without participation of the medullary chemoreceptors.
Rapidity of response to hypercapnic blood. Infusion of hypercapnic blood increases ventilation essentially as quickly as cyanide, the response becoming maximal within 8 sec. The increase in ventilation produced in an intact man or animal by inhaling CO2 starts rapidly but develops more slowly, requiring at least 5 min to reach a maximal value (23). Undoubtedly the carotid chemoreceptors contribute to the initial rapid rise, though to what extent is not yet clear.
There is often a falling off in the response to sustained infusion of hypercapnic blood, as shown in Fig. 5 . Whether this represents a true adaptation to the steady stimulus, whether it represents decreased stimulation of the medullary chemoreceptors as the result of the lowering of ~~~~~ (Fig. 5) in this way the situation differs from that when the carotid bodies are stimulated physiologically by chemical agents and the nerve fibers fire asynchronously at frequencies up to 800 impulses/set for the whole nerve ( I I).
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